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Ordering Information Principle and Structure

R Rt et L R aiadal | BM-----------mm e m e m e m e m S e oo mmeemm oo |
SHD CcsD g
Outer Cross = g
Roller Bearing I i» T
(Output) E
) 1) o
Flexspline Wave Generator o
Name of Model Size Ratio Model é
o
Wave Generator <
14 50, 100 T
17 50, 100 B
20 50, 100, 160 2A-GR: Component Type None: Standard Bolt Flexspline
. (temporary) t
CSD 25 50, 100, 160 (size 14 and 17
3 50, 100, 160 are 2A-R) Cross Roller Bearing :
40 50, 100, 160 BB: Big Bore
. Circular Spline
50 50, 100, 160 on Flexspline
14 50, 100 (CSD Series)
17 50, 100
SHD 20 50, 100, 160 2SH
25 50, 100, 160 Simplicity Unit Type SP: Special
32 50, 100, 160
40 50, 100, 160 — CIRCULAR SPLINE
Evolution of Harmonic Drive Gearing ————— FLEXSPLINE

Harmonic drive gearing continues to evolve by improving performance and functionality.

WAVE GENERATOR

System Components

The FLEXSPLINE is a non-rigid, steel cylindrical cup with external teeth on a slightly smaller pitch diameter than the Circular Spline.
It fits over and is held in an elliptical shape by the Wave Generator.

The WAVE GENERATOR is a thin raced ball bearing fitted onto an elliptical plug serving as a high efficiency torque converter.

CSD The CIRCULAR SPLINE is a rigid ring with internal teeth, engaging the teeth of the Flexspline across the major axis of the Wave Generator.

Circular Spline

\Wave Generator

S Series CSF Series CSD & SHD Series

By pursuing strength and The CSF achieved a

stiffness, a new tooth profile reduction in axial Ier; th - -

was invented. The “S” tooth of approximately 50% Achieve another axial The Flexspline is elliptically shaped by The When the Circular Spline is fixed and For each 360 degrees clockwise move-

doubled torque, life and stiffness length reduction of fthe Wave G he FI |

approximately 50% Wave Generator and engaged with the the Wave generator rotates clockwise, ment of the Wave eﬂefaIOFYI e Flexspline

Circular Spline at the major elliptical axis. the Flexspline is elastically deformed moves counterclockwise by two- teeth
The teeth completely disengage on the and rotates counterclockwise relative to relative to the Circular Spline.
minor axis. the Circular Spline.
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Driving Configurations

Driving Configurations

A variety of different driving configurations
are possible, as shown below.

The reduction ratio R, given in the tables
on page 7 and 8 correspond to
arrangement 1, in which the

Wave Generator acts as the

input element, the Circular Spline

is fixed and the Flexspline

acts as the output element.

input speed

Ratio =
output speed

1. Reduction Gearing

Cs Fixed
WG Input
FS Qutput
. R n
Ratio = — ; [Equation 1]

Input and output in opposite direction.

2. Reduction Gearing

FS Fixed
WG Input
Cs Output
R+1
‘ Ratio = 74; [Equation 2]

Input and output in same direction.

Application Examples

CSD Series

Rotary Table for Machine Tool

| Flexspline
N ‘ﬁ NN

| gl

| x \EZZ jig

‘ NN H

1 SRNRNY ERPAT: 7

X | RSN : ‘
Wave Generator N R Circular Spline
T

SHD Series

Z

3. Reduction Gearing

WG Fixed
FS Input
CS Output
R+1
Ratio = E [Equation 3] ‘

Input and output in same direction.

4. Speed Increaser Gearing

WG Fixed

Cs Input

FS Output

Ratio = i Equation 4
atio = 55 [Equation 4]

Input and output in same direction.

5. Speed Increaser Gearing

SCARA

Simplicity Unit

Cs Fixed
FS Input
WG Output
‘ Ratio = — 1? [Equation 5]

CSD - SHD Series

Input and output in opposite direction.

6. Speed Increaser Gearing

FS Fixed
CS Input
WG Output
) 1 )
‘ Ratio = R+ [Equation 6]

Input and output in same direction.

7. Differential Gearing
WG Control Input
CS Main Drive-Input
FS Main Drive-Output

Numerous differential functions can
be obtained by combinations of the
speed and rotational direction of
the three basic elements.

2 Axis - Output Unit

Circular Spline

Flexspline

Output 1

Wave Generator

Flexspline (SHD)

Harmonic Drive LLC 800-921-3332 n
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CSD Rating Table SHD Rating Table

R e et L D e L L e R | | R bl R R Rl R bty |
Table 1 Tabdle 2 [P
; L ; ; z
e | Eom hieted Sy Loy oy Ry ity RLre SHD  Ratio Rated Limit for Limit for Limit for Maximum  Limit for Moment z
Size Ratio Torque Repeated Average Momentary Input Average of N ul
. Size Torque Repeated Average Momentary Input Average of (5]
at Peak Torque Peak Speed Input Inertia
R at Peak Torque Peak Speed Input Inertia w
R 2000 Torque Torque Speed 2000 T =
1 orque Torque Speed 5
. T
Ni o in-lb Ni " in-lb Ni Nm' I Ni Nm in-lb Qil rpmG Qil rpn:i 1O‘II< i 105ka 1] A Nm Nm Nm - a : J %
" " " " moon moom ! Sl I e O Nm_inlo Nm_indb Nm_indo Nm in-b Grease Grease  x10°kgm’_ x10°kghm.s* S
o
14 50 3.7 33 12 106 4.8 42 24 212 14000 8500 6500 3500 0.021 0.021 14 50 3.7 33 12 106 4.8 42 23 204 8500 3500 0.021 0.021 :E
100 5.4 48 19 168 77 68 31 274 100 54 48 190 168 o 68 35 810 3
17 50 " 97 23 204 18 169 48 425 7300 3500 0.054 0.055 E
17 50 " 97 23 204 18 159 48 425 10000 7300 6500 3500 0.054 0.055
100 16 142 37 327 27 239 7 628
100 16 142 37 327 27 239 55 487 50 17 150 39 345 24 212 59 611
50 17 160 39 345 24 212 69 611 20 100 28 248 57 504 34 301 95 841 6500 3500 0.090 0.092
20 100 28 248 57 504 34 301 76" 673" 10000 6500 6500 3500 0.090 0.092 160 % 248 64 566 3 30t 9 841
(65) (575) 50 27 239 69 611 38 336 127 1124
160 % 248 o4 566 3 301 (;g) 6(235) 25 100 47 416 110 974 75 664 184 1628 5600 3500 0.282 0.288
50 27 239 69 611 38 336 127 1124 160 47 416 123 1089 75 664 204 1806
(135) (1195)
25 100 47 416 110 974 75 664 152° 1345 7500 5600 5600 3500  0.282 0.288 50 55 469 1611336 [EI 268 272
(185) (1195) 32 100 96 850 233 2062 151 1336 420 3717 4800 3500 1.09 1.1
160 47 416 123 1089 75 664 162" 1345
160 96 850 261 2310 151 1336 445 3938
50 53 469 161 1336 75 664 égf’) 525'397229 ) 50 % 850 281 2487 137 1212 480 4248
32 100 96 850 233 2062 151 1336 359" 3177* 7000 4800 4600 3500 1.09 1.1 40 100 185 1637 398 3522 260 2301 700 6195 4000 3000 2.85 2.91
(331) (2929)
160 % 850 261 2310 159 1336 350" 3177+ 160 206 1823 453 4009 316 2797 765 6770
: f i 1 1=1/4GD?, he input.
50 % 850 281 2487 ‘a7 1212 480 4248 Note: The moment of inertia : I=1/4GD?, measured at the input.
(580) (5133)
40 100 185 1637 398 3522 260 2301 694* 6142% 5600 4000 3600 3000 2.85 2.91
(580) (5133)
160 206 1823 458 4009 316 2797 694" 6142
50 172 1522 500 4425 247 2186 1000 8850
(1315)  (11638)
50 100 329 2912 686 6071 466 4124 1440 12744 4500 3500 3000 2500 8.61 8.78
(1315)  (11638)
160 370 3275 823 7284 590 5222 1577" 18956

Note: The moment of inertia : 1=1/4GD?, measured at the input
The momentary peak torque is limited by tightening torque on the flexspline.

The values in parenthesis are values in the case of the Big Bore option on the flexspline.
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Technical Terms Strength & Life

Definition of Ratings

Rated Torque (Tr)

Rated torque indicates allowable continuous load torque at
2000 rpm input speed.

Limit for Repeated Peak Torque (refer to figure 1)

During acceleration a deceleration the harmonic drive gear experiences
a peak torque as a result of the moment of

inertia of the output load. The table indicates the limit for

repeated peak torque.

Limit for Average Torque

In cases where load torque and input speed vary, it is necessary
to calculate an average value of load torque. The table indicates
the limit for average torque. The average torque calculated
must not exceed this limit.

Limit for Momentary Peak Torque (refer to figure 1)

Harmonic drive gearing may be subjected to momentary peak
torques in the event of a collision or emergency stop. The
magnitude and frequency of occurrence of such peak torques
must be kept to a minimum and they should, under no
circumstance, occur during normal operating cycle.

The allowable number of occurrences of the momentary

peak torque may be calculated by using equation 1.

Also see section “strength and life”.

Figure 1

Strength and Life

The non-rigid Flexspline is subjected to repeated deflections, and its
strength determines the torque capacity of the harmonic drive gear.
The values given for Rated Torque at Rated Speed and for the allo-
wable Repeated Peak Torque are based on an infinite fatigue

life for the Flexspline.

The torque that occurs during a collision must be below the momenta-

ry peak torque (impact torque). The maximum number
of occurrences is given by the equation below.

[Equation 1]
B 1.0 X 10° n: Input speed before collision
2 XQT;Xt t: Time interval during collision
Please note:

If this number is exceeded, the Flexspline may experience
a fatigue failure.

Ratcheting phenomenon

When excessive torque is applied while the harmonic drive gear is

in motion, the teeth between the Circular Spline and Flexspline may
not engage properly. This phenomenon is called ratcheting and the
torque at which this occurs is called ratcheting torque. Ratcheting
may cause the Flexspline to become non-concentric with the Circular
Spline. (See figure 1 & 2 on page 12) Operating in this condition
may result in shortened life and a Flexspline fatigue failure.

Figure 2

Life Technical Terms
u

. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

CSD Ratcheting Torque  Table 3 Nm Table 4 Buckling Torque  Nm

Size Ratio CSD

50 100 160 Size All Ratio

14 88 84 - 14 190

17 150 160 = 17 330

20 220 260 220 20 560

25 450 500 450 25 1000

32 980 1000 980 32 2200

40 1800 2100 1800 40 4300

50 3700 4100 3600 5 8000
SHD Ratcheting Torque  Table 5 Nm Table 6 Buckling Torque  Nm

Size Ratio SHD

50 100 160 Size All Ratio

14 88 84 = 14 130

17 150 160 - 17 260

20 220 260 220 20 470

25 450 500 450 25 850

32 980 1000 980 32 1800

40 1800 2100 1800 40 3600

Abnormal Impact Torque

Start /

3 \__Routine N \
S
°
3 \} — Time sz g
S S
- Stop el e 2
o = x
Start sl 3 3
g 2 @
B =
g 2=
°5 Speed Cycle 8 =
E s £
55 -3 S
e =
50
s — Time
32
35
EE=
e
z%

Circular Spline

Flexspline

This condition is called “dedoidal”.

Maximum Input Speed, Limit for average input speed
Do not exceed the allowable rating.

Moment of Inertia

The rating indicates the moment of inertia reflected to the
wave generator (gear input).

Note!

When ratcheting occurs, the teeth mesh abnormally as shown above.
Vibration and Flexspline damage may occur.

Once ratcheting occurs, the teeth wear excessively and the
ratcheting torque may be lowered.

The Life of a Wave Generator

The normal life of a harmonic drive gear is determined by the
life of the wave generator bearing. The life may be calculated
by using the input speed and the output load torque.

Relative Torque Rating

The chart below shows the various torque specifications
relative to rated torque. Rated Torque has been
normalized to 1 for comparison.

Rated Lifetime L,: (,= 10 or 50) , hours

L.  CSD.SHD: 7,000
L. CSD,SHD: 35,000

Figure 3
Equation for the expected life of the wave generator under
normal operating conditions is given by the equation below. 177
16 | Buckling Torque
1025 NON-OPERATING ZGNE
A
[Equation 2] 9 %, i
’T\\ s, O Racheting Torque
T )%, (N g 8 \ %
Lh:Lno( f).(if) g \% 3
Tav Nav = % \Q
3, %, \&,
2 5 %
Lh : Expected Life, hours 5 &
p g 4 C
Ln : Rated Lifetime at L, or L., hours El 5 Momentary Peak Torque
3
Tr . Rated Torque (Tables 1, 2, 3) - 5 Repeated Peak Torque
Nr: Rated input speed (2000 rpm) ’ Rated Torque
Tav @ Average load torque on output side (page 14) 0
10° 10° 10" 10° 10° 10"

Nav :  Average input speed (page 14
Total Number of Input Rotations

Harmonic Drive LLC 800-921-3332 m
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Selection Procedure Selection Example

R et R b D L L L L LR | | R bl R R Rl L bt |
Size Selection Flow Chart for selecting a size ©
r4
Generally, the operating conditions consist of fluctuating torques Please use the flowchart shown below for selecting a size. Values of an each Load Torque Pattern z
and output speeds. Also, an unexpected impact output torque Operating conditions must not exceed the performance Load Torque T. (Nm) no max = 14 rpm 15]
must be considered. ratings as described on page 12. Time t, (sec) ni max = 1800 rpm w
The proper size can be determined by converting fluctuating load Output Speed n. (rpm) =
torque into average load torque and equivalent load torque. This Ve . i Normal Operating Pattern o
procedure involves selecting the size based on load torque for com- Calculation of the average output torque Acceleration T,=400Nm, t,=0.3sec, n,= 7rpm T. =500 N, t, = 0.15 sec, n, = 14 rpm g
ponent sets. 3/ 3 3 3 Regular Operation Stop T, =320 Nm, t 3sec, n,=14rpm g
. " : ; Tav =3 net.e|T | +n.sts| T+~ notee|T)| 2= v 2= = <
This proce_dure does n_o@ consud_er the life of the outpgt bearmg_for | 1 " T Deceleration T,=200Nm, t=0.4sec, ny= 7 rpm Lo > 7000 hrs. T
housed units. Determining the life of the output bearing for various Nooti+NetA4- Nt Dwell T.— ONmM t=02sec n = 0rmm Oil Lubrication 5
axial, radial, and moment loads is outlined on page 25. i . T P T P P! §
Ve . R
“ Selec_t!on of tentative size under the )
Figure 4 condition shown below. ’/Tav (Nm)
- ‘ Tav = 31/ 7rpme0.3sece|400Nm|°+14rpme3sece|320Nm|°+7rpme0.4sece|200Nm|*
[ Average Output Speed 7rpme0.3sec+14rpme3sec+7rpme0.4sec
5 Ti Tn Netensetso nt,
g npav =————
= T O&Y tatotsot, 4
© [ . a
Determine Gear Ratio ‘ Tav = 319Nm<466Nm (for CSD-50-100-2A-GR)
T nimax . p
= No max = - o
Tme - no av (rpm,
i XS Ty (09 Al (i the ETE 7rpme0.3sec+14rpme3sec+7rpme0.4sec _ 19 rom
Ts Calculation of the average input speed ¢0.3sec+3sec+0.4sec+0.2sec B P
t to ts ta tn njav=ngav R (
n: [ Calculation of maximum input speed 1800 RPM _ 128.6>100
3 nj max = no max «R 14 rpm
EA ns M njav = 12rpme100=1200rpm
e ' Nno max ni max (rpm)
e Ve nj max = 14rpme 100=1400rpm e
( : < i (
ny Ny N, are an average value. T > NG ey = L|.m|.t ty aver;lige Spaed
e \_ njmax < Limit for maximum speed

N

v

Confirm that T1 and T3 are within a

€

J
2 3
5 -
g NG “/ Confirm if T, and T are less than the g
Parameters = \_ repeated peak torque specification. (T.T. (Nm) NG =
8 | T,= 400Nm<686Nm (for CSD-50-100-2A-GR) g
Load Torque T. (Nm) ° W T. = 200Nm<686Nm (for CSD-50-100-2A-GR) >
Time t (sec) £ . . £
© /"~ Confirm if T, (impact torque) is less than S
Output Speed n: (rpm) 8 NG| | the momentary peak torque specification. TN 9 2
o s o
| -
Normal Operating Pattern “é, Ts,= 500Nm<1440Nm (for CSD-50-100-2A-GR) %
Acceleration Titn: ] - . <
Regular Operation Tin S /" Calculate the allowable number of rotations S
Di i S ey mpzﬂact O ("Ns Calculate an allowable number of rotation(Ns) and confirm < 1.0 x 104 ®
eceleration Totans o |<NG _ 10 veeeeeN. < 9 o A P
& Ns > 7R Ns £1.0x10 Ne=___ 10"\ _14291.0x 104 NG, | &
Dwell Tetane (2] bdeg=ck, 5+ 1Apme100, 0515 d @
5 60 ' c
o o
Maximum RPM g E
Max output speed flo Maxmum “i’ /"~ Calculate wave generator life ' T z
Max input speed nj maximum 5 ( 9 - / Calculate a life time. 5
e L=l o ( 1 )( i ) ‘ Lo = 7000 (320Nm)°  (2000rpm) 3
2 \ Tav njav 1319Nm e 1440rpm 5
Impact Torque T:ten: 8 - - 8
“/ Make sure that the calculated life is suitable ‘/
Ratings {_ for the application. Lio = 10665 > 7000 (Le1o)
Rated Torque Tr N, W,
Rated Speed nr =2000 rpm

/ni av =1440rpm<3600rpm (for CSD-50-100-2A-GR) NG
nj max =1680rpm<5600rpm (for CSD-50-100-2A-GR)

CGear is suitable for torque and speed requirements) CSD-50-100-2A-GR

)

Also consider output bearing, environment, etc.

Harmonic Drive LLC 800-921-3332 |43



CSD SERIES

CSD External Dimension & Shape CSD External Dimension & Shape

R e L ek L L L L EEEE | | R bl R R R L bt |
CSD Dimensions Table 7 unit: (mm) @
. Size 14 17 20 25 32 40 50 =
o OA h7 50 905 60 9, 7084 855, 110 9 1359, 170 90, 7]
D F oBH7 1100 150008 205! 24051 32085 4005 500 9,
E|_| c 11 12.5 14 17 22 27 33 ©
o . D 6.5%2 7.5%2 8w 109 133 1612 19.5%¢
| E 1.4 1.7 2 2 2.5 3 3.5
F 4.5 5 6 7 9 1 135
G1 0.3 0.3 0.3 0.4 0.5 0.6 0.8
H H 4 5 5.2 6.3 8.6 103 12.7
| i 0J 23 272 32 40 52 64 80
L 9 CO5| |, ’5‘( oK H6 11w00m 1100y 16100y 201 300 32:008 44000
%l com 0105 T |° L 6 8 12 12 12 12 12
3 B oM 3.4 3.4 3.4 3.4 4.5 5.5 6.6
© ! © N M3 M3 M3 M3 M4 M5 M6
°© ] 0 _ _ 33 33 44 5.4 65
op _ _ 6.5 6.5 8 9.5 11
°Q 44 54 62 5 100 120 150
C04 oR 17 21 2 30 ) 50 60
®Ab c S M3 M3 M3 M3 M4 M5 M6
oT 17 19.5 24 30 4 48 62
u 9 8 9 9 1 10 11
L o o4 i i : "
Expanded G Section 3. #14 s 30° #17 is 22.5° 07, 0.2 0.2 0.2 0.2 0.25 0.25 0.3
4. #14 -32 are 0.3, #40 and #50 are co.5. oz, 0.25 0.25 0.2 0.2 0.25 0.25 03
oz, 0.2 0.25 0.25 0.25 0.3 0.5 0.5
§ E % 0a 38 45 53 66 86 106 183
B} %2 b 6.5 7.5 8 10 13 16 19.5
ONONOBNONCIONE) 8C3 ¢ 1 1 15 15 2 25 35
weight  (kg) 0.06 0.10 0.13 0.24 0.51 0.92 19
Weight
(@) Ball Separator Note: Standard dimension for size 14 and 17 is the maximum bore.
Dimensions for BB Table 8 unit:mm
(@ Wave Generator Bearing S 55 % @ m 55
o KHE 2008 24008 3208 400 502
— (@ Wave Generator Plug B L2 12 14 s i
oV 3.4 4.5 55 6.6 9
Size: 14,17 Size: 20,25, 32, 40, 50 or % e “ % %
0Z 0.2 0.25 0.25 0.3 0.5
Outside appearance varies depending on size. Note: Standard dimension for size 14 and 17 is the maximum bore.
¢ Installed surface on Circular Spline is shown as A. ¢ Dimensions for CsD*G must meet the tolerance
Use this surface for installation in case. values shown above.
¢ Dimensions shown below may be modified as a special order. * 0a, b, c must exceed the values shown above due to
B: Dimension of Wave generator deformation of the flexspline.
U and V: Dimension of Flexspline
L and M: Dimension of Circular spline
Size: 14,17 Size: 20, 25, 32, 40, 50

m Harmonic Drive LLC 800-921-3332 m



Lubrication

| Lubricant

wi

[ Grease lubricant is the standard for the CSD unit. The temperature range is shown below. (Exceptions are shown on page 17.)

(7]

8 Lubricant Lubricant

S Grease Harmonic grease SK-1A Grease SK-1A 0°C~+40°C
Grease Harmonic grease SK-2 Grease SK-2 0°C~+40°C
Grease Harmonic grease 4B-No.2 Grease 4B-No.2 -10°C~+70°C
Qil Industrial gear oil #2(high pressure) ISO VG68 Qil ISO VG68 0°C~+40°C

Harmonic grease SK-1A
This grease is developed for a harmonic drive gear and features good durability and efficiency.

Harmonic grease SK-2

This grease is developed for a small size harmonic drive gear and features smooth rotation of the Wave Generator
since high pressure additive is liquefied.

Harmonic Grease 4BNo.2

This grease is developed for Harmonic drive gearing and features long life and a wide range of temperature.

Note 1

Grease lubrication must have proper sealing, this is essential for 4B No.2.

Rotating part: Oil seal with spring is needed.

Mating part: O ring or seal adhesive is needed.

Note 2

The grease has the highest deterioration rate in the region where the grease is subjected to the greatest shear (near wave generator).
Its viscosity is between JIS No.0 and No.00 depending on the operation.

Recommended Grease

Lubrication

Size 14 17 20 25 32 40 50
SK-1A = = (0] (0] 0] (0] o
SK-2 ] 0] A A A A =
4BN0.2 . . . . . . .

*: recommended grease for long life and high load  O: Standard ~ A: Semistandard

Characteristics of Grease

Grease SK-1A SK-2 4BNo.2
Durability 0 [0} O
Fretting Resistance (0] ¢} M
Low Temp A A J
Grease Leakage . . A
®: Excellent O: Good  A: Exercise Caution
Recommended Grease
Grease SK-1A SK-2 4B No.2
Base Ol Refined mineral hydrocarbon Refined mineral hydrocarbon Hydrocarbon type synthetic
base oll base oil oil and polymer
s L
Additive Organic molybdenum, etc. Organic molybdenum, etc. Organic molybdenum, etc.s
NLGI Consistency No. No.2 No.2 No.1.5
Viscosity (25C) cSt 265 to 295 265 to 295 290 to 320
Melting Point 197°C 198°C 247°C
Color Yellow Green Light Yellow
Life 5 Years in Airtight Container

T
@
Recommended Dimensions for Inner Case i
Recommended dimensions for inner case must meet with b g
numbers shown below. These dimensions must be maintained to pre- A c 7]
vent damage to the gear and to maintain a proper grease cavity. °
7
© 1
S
T
N | ©
Figure 4
Recommended Dimensions for Inner Case ~ Table 9 Unit: mm
Size 14 17 20 25 32 40 50
oa 38 45 53 66 86 106 133
b 6.5 75 8 10 13 16 19.5
c 1) 1) 1.5(4.5) 1.5(4.5) 2(6) 2.5(7.5) alh)
0d% 16 26 30 37 37 45 45
Note: Values in parenthesis show the value when the Wave Generator is pointing up.
Figure 5
CIRCULAR SPLINE FLEXSPLINE WAVE GENERATOR
— Apply thin coat Fill the toothbed Apply thin coating
= to avoid corrosion\ [ with grease | of grease before
L] |/ installation
{:'” EEE d Apply grease to
vf/)i?h rZase | _inner surface Fill cavity
9 in accordance between
with a value retainer and
shown above. bearing
~ | with grease.
Grease Usage  Table 10 Unit: g
Size 14 17 20 25 32 40 50
amount 3.5 5.2 9.0 17 37 68 131

Harmonic Drive LLC 800-921-3332 m



Lubrication

Grease Change

The wear characteristics of harmonic drive gearing are strongly influ-
enced by the condition of the grease lubrication. The condition of the
grease is affected by the ambient temperature. The graph

shows the maximum number of input rotations for various temperatu-
res. This graph applies to applications where the average load torque
does not exceed the rated torque.

CSD SERIES

In cases where the average load torque exceeds rated torque, calcu-
late the grease change interval using the equation shown below.

Equation where average load torque exceeds rated torque
[Equation [3]

1)3

Lor = Lon X (Tav

Symbol of Equation [2]

LT arease chunge everage toaue is over rate toraue, put rotations

Lo Greasechungo seragetoaus i blow asd torau), put rotations (From Grapt)
T ratestoe

Tar pverage toad toraue on output

Oil Temperature

In normal use, the oil temperature must not exceed 90°C,
Above this temperature oil quickly loses its lubricating capabilities.

Other notes: Avoid mixing different kinds of oil. Harmonic drive
gearing should be in an individual case when installed.

High Temperature Lubricants

Harmonic Grease 4B No.2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
Graph of LaTn vs. Temperature
10 f f f
T T T

5 T
T
[0}
c
jo)
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=
e
<}
=
(o}
—

107

20 40 60 80 100 120
Grease Temperature (°C)
Figure 6
Qil Change

The first oil change should be performed after 100 hours of operation.
The need to perform subsequent oil changes will depend on operating
conditions, but should take place at intervals of approximately

1000 running hours.

Low Temperature Lubricant

Type of lubricant Standard temperature range Possible temperature range

Type of lubricant ~ Name of lubricant and manufacturer Possible temperature range

grease -10°C~+110°C -50°C~+130°C

High Temperature Lubricant

Type of lubricant ~ Name of lubricant and manufacturer Possible temperature range

grease Mobil Grease 28 -5°C~+160°C

oil Mobil SHC-626 -5°C~+140°C

Standard temperature is the grease temperature during operation.
It is not the ambient temperature.

Grease Multemp SH-K2 Kyodo Yushi -30°C~+50°C
Iso Flex LDS-18 special A NOK kluber -25°C~+80°C
Qil SH-200-100CS Tore Silicon -10°C~+110°C

Shintesso D-32EP NOK kluber -25°C~+90°C

The temperature range of the grease can be extended as indicated in
the possible temperature range shown. At the low end of this range
the efficiency will be low due to an increase in viscosity of the lubri-
cant. At the high end of this range the lubricant life will be low due to
an increased deterioration rate from the high temperature.

Tolerance Assembly Notes -

Recommended Tolerances for Assembly

Casefit Surface

Circular Spline

Installation Surface

L[ e [8]

sl

1 ¢ [s8]

Casefit Surface

Wave Generator

Installation Surface

o

S~

c | I

DAG 8

Ef0O S i~

£ % = |35

ol = Q| @

o | © €| o

JoN I ==

c|E c| S
g|o
|

Recommended

ac

Shaft Tolerance h6

Flexspline Installation Surface

Recommended

O oo 8]

Shaft Tolerance h6

Tolerance for Assembly  Table 11 unit:mm
Size 14 17 20 25 32 40 50
a 0.011 0.012 0.013 0.014 0.016 0.016 0.018
b 0.008 0.011 0.014 0.018 0.022 0.025 0.030
oc 0.015 0.018 0.019 0.022 0.022 0.024 0.030
d 0.011 0.015 0.017 0.024 0.026 0.026 0.028
[} 0.011 0.015 0.017 0.024 0.026 0.026 0.028
f 0.008 0.010 0.010 0.012 0.012 0.012 0.015
og 0.016 0.018 0.019 0.022 0.022 0.024 0.030

Sealing structure

A seal structure is needed to maintain the high durability of harmonic drive gearing and prevent grease leakage.

Key Points to Verify

¢ Rotating parts should have an oil seal (with spring), surface should be smooth (no scratches)

¢ Mating flanges should have an O Ring, seal adhesive
e Screws should have a thread lock
(Loctite 242 recommended) or seal adhesive.

Note: If you use Harmonic grease 4BNo.2, strict sealing is required.

Harmonic Drive LLC 800-921-3332 m
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CSD SERIES

. Wave Generator Assembly Notes for CSD Flexspline Assembly Holes and Bolts -

Direction for Thrust Force of Wave Generator Axial Force of Wave Generator

(%]
i
Diaphragm E
When a harmonic drive gear is used to accelerate a load, the deflection of 2
the Flexspline leads to an axial force acting on the Wave Generator. This Boss diameter of Flexspline Table 13 . 7]
CSD axial force, which acts in the direction of the closed end of the Flexspline, Sze % 7 20 % 2 I %0 Avoid o
m It h rin f the in| haft (motor shaft).
ust be suppol Ted t.>yt e bearings of the input shaft (motor sl gt) = = 5 = = = — =
When a harmonic drive gear is used to decelerate a load, an axial force acts
to push the Wave Generator out of the Flexspline cup. Maximum axial force
of the Wave Generator can be calculated by the equation shown below.
The axial force may vary depending on its operating condition. The value of
axial force tends to be a larger number when using high torque, extreme low
speed and constant operation. The force is calculated (approximately) by
the equation. In all cases, the Wave Generator must be axially (in both direc-
o tions), as well as torsionally, fixed to the input shaft.
direction for thrust direction for thrust
force in acceleration force in deceleration Head of bolt, nut and washer should not
] Note: Please contact us for further information on attaching the Wave exceed the diameter of J
Generator to the input (motor) shaft. -
Figure 8
Number of Holes and Location (Standard)
Number of Holes: 8 Number of Holes: 9 Number of Holes: 10 Number of Holes: 11
Figure 7
[4] for axial force Calculation Example Table 12 B )
Gear Ratio equation size . 2 Thrust Force by Bearing
i=1/50 F=2xLx 0.07 x tan 30°+2yPF Sizo 24PF (Nm) €
D Ratio : i=1/50 14 241
i=1/100 and up F=2x-Lx 0.07 x tan 20°+2yPF Outout Toraue ) 200Nm 17 4.1 ' ' ' '
D putora CsD 20 56 CSD-17 CSD-14, 20, 25 CSD-40 ©SD-32, 50
Fﬁx(%)x 0.07xtan 30°+16 25 98 Number of Holes and Location (Big Bore Option)
x0.
Symbols for equation [4] F=215N 2 5 Number of Holes: 12 Number of Holes: 14
= 40 24 ' '
F thrust force N 50 39
D HD Size x 0.00254 m
T output torque Nm
2uPF thrust force by bearing Nm (see table)
CSD-20.25 CSD-32, 40, 50
Flexspline Bolts Table 14 Standard H Big Bore Option
Size 14 17 20 25 32 40 50 BB20 BB25 BB32 BB40 BB50
Number of Bolts 9 8 9 9 11 10 11 12 12 14 14 14
Size M3 M4 M4 M5 M6 M8 M10 M3 M4 M5 M6 M8
Pitch Circle Diameter mm 17 195 24 30 41 48 62 26 32 42 52 65
Clamp Nem 2.0 4.5 4.5 9.0 15.3 37 74 2 45 9.0 15.3 37
Torque
Torque Nem 32 55 76 162 359 694 1677 65 135 331 580 1815
transmission

Note:

1. The material of the thread must withstand the clamp torque.

2. Recommended bolt : JIS B 1176 socket head cap screw strength range : JIS B 1051 over 12.9

3. Torque coefficient : K=0.2

4. Clamp coefficient A=1.4

5. Friction coefficient on the surface contacted: 0.15

6. Momentary peak torque is limited in Big Bore since bolt torque transmission of Big Bore is smaller than standard.

Harmonic Drive LLC 800-921-3332 [¢4Y



CSD SERIES

Circular Spline Assembly Installation CSD Assembly Procedure

R e el L EE LR | | R bl R R Rl L bty |
(%]
i
x
Circular Spline Bolt Installation Table 15 CSD assembly procedure Flexspline %
Size Standard 14 17 20 25 32 40 50 g
Number of Bolts 6 8 12 12 12 12 12 Note for assembly structure for CSD 1. Be sure flatness and skewness are minimized. ©
Size M3 M3 M3 M3 M4 M5 M6
Pitch Circle Diameter mm 44 54 62 75 100 120 150 2. Make sure there are no burrs or foreign substances.
Clamp Torque Nm 2.0 2.0 2.0 2.0 4.5 9.0 16.3 Wave Generator
Torque transmission Nm 55 90 155 188 422 810 1434 3. Make sure there is enough room to have the minimum
Note: 1. Avoid overloading the Wave Generator bearing during clearance in the housing.

installation, rotate the Wave Generator as you easily install.

4. When a bolt is inserted into a bolt hole, make sure

1. The material of the thread must withstand the clamp torque. 2. Since the Wave Generator of the CSD does not have an that the bolt hole is located properly.
2. Recommended bolt: JIS B 1176 socket head cap screw strength range : JIS B 1051 over 12.9. Oldham coupling, make sure that the position is within the ) )
3. Torque coefficient : K=0.2 recommended tolerance shown on page18. 5. Bolts should not be tightened at the same time. Apply
4 G ficient Act.4 half of the recommended torque to tighten bolts, and then
’ ?m.p coe |?|<?n - 3. Installation bolts on Wave Generator and installation bolt on tighten bolts at recommended torque. The order of
5. Friction coefficient on the surface contacted : 0.15 Flexspline should not interfere each other. tightening bolts should be done diagonally.
Make sure that Circular Spline and Flexspline mesh properly.
Component Assembly Procedure Circular Spline Do not damage the Flexspline during assembly.

Q 1. Be sure flatness and skewness are minimized.
i8] ’

. Make sure there are no burrs or foreign substances.
3. Make sure there is enough room to have the
When flexspline and minimum clearance in the housing.
- ﬂ | | wave generator are 4. Make sure that the harmonic drive gear rotates when
JJ assembled, open part Circular Spline is installed in the housing.
of flexspline will expand Note to prevent corrosion
at major axis. 5. When a bolt is inserted into a bolt hole,
make sure that the bolt hole is located properly. The standard CSD has not been treated for preventing
corrosion. If needed, apply rust prevention on metal
— —_—— 7. Bolts should not be tightened at the same time. Apply half surfaces. As a special order, HD Systems can provide
. i i tainless steel components or surface treatments.
flexspline wavi nerator Qf the recommended torque to tighten bolts, and then S
P ave generatol tighten bolts at the recommended torque. The order of

. . tightening bolts should be done diagonally.
circular spline
Avoid using pins to secure the Circular Spline if possible.

Please see the following notes.
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- SHD External Dimensions SHD External Dimensions
u

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ] e
SHD Dimensions Table 16 (mm)
D eq“a”:/,sggced 14 17 20 25 32 40
E1_| E2 oA h6 499, 599, 69 9,1, 849, 11034, 1325,
ST oN ]-=eM equaly spaced El— || _h Usable length \ U2 Hdemh Vd B[ oW 0B, 304 48y 56.8 7054 92 9 112,49
(0 Ring provided) lsea) \ N\ el space B, 0.8°F 1195 ! 175 295 229
\ & (O Ring provided) oCH7 Aoy 15008 20% 2403 3200 40
D 17.5 01 18.5 w1 190 22 w01 279 33 o1
N E, 155 16.5 17 20 236 28
N E, 2 2 2 2 43 5
F 2.4 3 3 33 36 4
~ ~ © G 1.8 1.6 1.2 0.4 0.6 0.8
=l g T ~ s < i
3l e X X1 N H 48 52, 5.2, 6.35, 862, 1039,
gl 'l e ] ° | 1575, 16.99, 17.85, 2169, 27.39, 32.29,
o aJn7 70 9o 809, 908 1102y, 1423, 170 20
OKH7 50 0% 612 71gp 88- 114085 140700%
—% L 8 12 12 12 12 12
L ) CO.3 oM 35 35 35 45 55 66
P1-Pz length P3 nY oN 0.25 0.25 0.25 0.25 0.25 0.3
Donot remove X2 b 20 64 74 84 102 132 158
these screws. e
Vi min. v P, 2 2 2 4 4 4
detalled drawings for Y P, M3 M3 M3 M3 M4 M4
Detailed drawings are also available I & 5 g g 0 it
P, 22.5° 15° 15° 15° 15° 15°
°Q 17 21 26 30 40 50
R, 4 4 4 4 4 4
@ @ @ @ @ @ @ R, M3 M3 M3 M3 M4 M5
] 0.25 0.25 0.25 0.25 0.25 0.25
oT 43 52 61.4 76 99 120
U, 8 12 12 12 12 12
@ Ball Separator u, M3 M3 M3 M4 M5 M6
\% 4.5 4.5 4.5 6 8 9
I~ ow 0.25 0.25 0.25 0.25 03
— X, C0.4 C0.4 C0.5 C0.5 C0.5
— (2) Wave Generator Bearing X, 0.4 co.4 co.5 C05 05
Y, 0.4 0.4 0.5 0.5 0.5
Y Y, 0.4 0.4 0.5 0.5 0.5
RY, 1.2 1.2 15 15 1.5
— @ Wave Generator Plug z, 57 68.1 78 123 148 %
z, 20 203 2.70% 2.7% 2.7%
Size: 14,17 Size: 20, 25, 32, 40 £o8 % 365 45 53 86 106
E565 b 1 1 15 2 2.5
= §§ oc 31 38 45 73 %0
d 1.4 1.8 1.7 1.8 1.8 1.8
e d37.1d0.6 d45.4d0.8 d53.28d0.99 d66.5d1.3 d87.5d1.5 d107.5d1.6
f d54.38d1.19 d64.0d1.5 d72.0d2.0 d88.62d1.78 d117.0d2.0 d142d2.0
g D49585 D59685 D69785 D84945 D1101226 D1321467
h 1.5 1.5 15 15 33 4
Weight (kg) 0.33 0.42 0.52 0.91 1.87 3.09
¢ The following parameters can be modified to accommodate customer specific requirements.
Wave generator : 0C
Flexspline : 0O
Gircular Spline : X, X;
* Minimum housing clearance parameters @ a, b, oc, d must be maintained to prevent damage to the gear during operation.
Size: 14,17 Size: 20, 25, 32, 40
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. Specifications for Cross Roller Bearing .

Specification for Cross Roller Bearing
Housed units incorporate a precise cross roller bearing to directly support a load. The inner race of the bearing forms the output flange.

Please calculate maximum load moment, life of cross roller bearing, and static safety factor to fully maximize the performance of the
housed unit (gearhead).

Calculation Procedure

1. Maximum Load Moment (Mmax)
‘ Calculate maximum load moment »‘ Maximum load moment (Mmax)< Allowable moment (Mc) ‘

2. Output Bearing Life
‘ Calculate average radial load (Frav) P‘ Calculate radial load coefficient (X) H Callauiie [t ‘

and average axial load (Faav) and axial load coefficient (Y)

3. Static Safety Factor
‘ Calculate static equivalent radial load (Po) »{ Confirm static safety factor (fs) ‘

Specification for cross roller bearing

Output Bearing Ratings

How to Calculate the Maximum Load Moment
How to calculate the Maximum load moment is shown below. Please be sure that Mc is equal or greater than M max.

Mmax = Frmax e (Lr+R) + Famax ¢ La

Load

How to Calculate an Average Load =
To calculate average radial load, average axial load or 0 Support
average output speed, follow steps below.
When the radial load and axial load vary,

the life of cross roller bearing can be determined
by converting to an average load. (see figure 10)

lime! i

Fr
Radial Load®

dp

equation (5) Calculate Average Radial Load

‘C\“/ Nt [P 134 nato|Fra| - + noto| |
Frav =
Niti+ Nzte-- + Noto

La

Fr, is radial load in t;, Fr; is radial load in t..

Iz e

Specification for cross roller bearing is shown on figure. Table 17
Pitch Circle Offset Basic Dynamic Rated Load Basic Static Rated Load Allowable Moment Load Mc Moment Rigidity Km
Size dp R [ Co x10* in-lb/
m mm X10°N Ib X10°N Ib Nm in-Ib Nm/rad arc-min
14 0.0503 1.1 29 652 43 967 37 327 7.08 182
17 0.061 11.5 52 1169 81 1821 62 548 12.7 326
20 0.070 1.0 73 1641 110 2473 93 823 21 540
25 0.086 121 109 2451 179 4024 129 141 31 796
32 0.112 17.3 191 4294 327 7352 290 2566 82.1 2110
40 0.133 19.5 216 4856 408 9173 424 3752 145 3726

Basic dynamic rated load is a constant radial load where the basic dynamic rated life of CRB is 1 x 10° rotations.
Basic static rated load is a static load where the value of moment rigidity is the average value.

For the following size and gear ratio combinations,the life of the cross roller bearing operating at the allowable moment load is less than the life of
the wave generator bearing (L., = 7000 hr) operating at 2000rpm and rated torque.

Table 18
Size Gear Ratio
14 50 100
17 50
20 50

Famp

equation (6) Calculate Average Axial Load(Faav)

Axial Load
‘0\’3/ Nit|Fan| 0%+ nate]Fas] ™ + nito|Fan|®
Faav =
Niti+ Nztzes + Mot
Fa, is axial load in t;, Fa; is axial load in t,.
Figure 9
equation (7)  Calculate Average Output Speed
Figure 10
Nav = nits + natz -0+ Note
itz + o
Fr,
Calculate radial load coefficient (X) axial load (Y) -
Radial i -
Load ! T time
| |
I
Faay <15 1 045 | ! \
Frav+2 (Frav (Lr+R) + Faav-La) /dp - ! ! R
Fa, | i i
) N Fa. i !
Faav >15 067 067 ol ‘ ;
Frav+2 (Frav (Lr+R) + Faav-La) /dp i i A
| |
| |
| |
| |

Output T ©
Frmax Max. radial load N Figure 10 Sipetze) % | .
time
Famax Max. axial load N Figure 10
Lr La Moment arm m Figure 9
R amount of offset m Table 17
dp pitch circle m Table 17

Harmonic Drive LLC 800-921-3332 |4



Output bearing Life

Rl D Rt R e E L L L LD |
How to Calculate Life of the Output Bearing
The life of a cross roller bearing can be calculated by equation (8)

equation (8)
_ 10
60xNav

How to Calculate Life for Oscillating Motion

The Life of a cross roller bearing in a oscillating operation
can be calculated by equation 11

Lubricant

Lubrication

Grease lubricant is the standard for the SHD unit. The temperature range is shown below. (Exceptions are shown on page 17.)

equation (11
List 1 quation (11)
Law Life Hour equation 8 ° o3
q log= _10° , 90 ( c C)
Nav Average Output Speed rpm equation 7 60xn1 0 fiveP
C Basic Dynamic Rated Load N table 17
Pc Dynamic Equivalent N equation 9 Symbol of equation (11)
fw Load Coefficient — list 2 List 4
List 2 Loc Rated life for oscillating motion Hour equation 11
Load Coefficient, fw ni Round trip oscillation each minute rpm —_
Steady operation without impact and vibration 1-1.2 © Basic dynamic rated load N table 17
Normal operation 12-1.5 Pc Dynamic equivalent radial load N equation 9
Operation with impact and vibration 1.5-3 g Load Cosfficlent list 2
Q Angle of oscillation/2 degrees figure 11

Dynamic Equivalent Radial Load

equation (9)
Po-X- (Frav+2(Frav(Lr+R)+Faav- La) \ +V . Faav
do /
Symbol of equation (8)
Frav Average radial load N equation 5
Faav Average axial load N equation 6
dp Pitch diameter m table 17
X Radial load coefficient ——— list page 26
Y Axial load coefficient ———— list page 26
Lr, La Moment Arm m figure 9
R Offset m figure 9 and table 17

How to Calculate Static Safety Coefficient

Basic static rated load is an allowable limit for static load,

but its limit is determined by usage. In this case, static safety coefficient
of the cross roller bearing can be calculated by equation 10.

Reference values under general conditions are shown on list 3.

Static equivalent radial load can be calculated by equation (12)

equation (10)

equation (12)

fs=—00 Po = Frmax + 2MMaX 0 44. Famax
Po d
Symbols for equation (9)
Co Basic static rated load N table 17
Po Static equivalent radial load N refer to equation 12
list 3

Load Conditions

Lower Limit Value for f,

Impact loads 1-16>2
Normal loads >15
High accuracy required >3

figure 11

/’/‘/ o N
e ~.
s AN
/ N
/ \
/ \
/ \
/ \
I |
i !
| i
\‘\ /
\ /
\ 4] /
‘\\ 4/ / 4
. _//(/ -

Oscillating Angle

A small angle of oscillation (less than 5 degrees) may cause fretting corrosion to
occur since lubrication may not circulate properly.

Lubricant Lubricant
Grease Harmonic grease SK-1A Grease SK-1A 0°C~+ 40°C
Grease Harmonic grease SK-2 Grease SK-2 0°C~+ 40°C
Grease Harmonic grease 4B-No.2 Grease 4B-No.2 -10°C~+ 70°C
Harmonic grease SK-1A
This grease is developed for a harmonic drive gear and features good durability and efficiency.
Harmonic grease SK-2
This grease is developed for a small size harmonic drive gear and features smooth rotation of the Wave Generator
since high pressure additive is liquefied.
Harmonic Grease 4B No.2
This grease is developed for Harmonic drive gearing and features long life and a wide range of temperature.
Note 1
Grease lubrication must have proper sealing, this is essential for 4BNo. 2.
Rotating part: Oil seal with spring is needed.
Mating part: O ring or seal adhesive is needed.
Note 2
The grease has the highest deterioration rate where the grease is subjected to the greatest shear (near wave generator).
Its viscosity is between JIS No.0 and No. 00 depending on the operation.
Recommended Grease
Size 14 17 20 25 32 40
SK-1A - - (0] [0} (0] [0}
SK-2 (¢} o A A A A
4BN0.2 . . . . . .
*: recommended grease for long life and high load ~ O: Standard ~ A: Semistandard
Characteristics of Grease
Grease SK-1A SK-2 4BNo.2
Durability [0} (0] O
Fretting Resistance [0} (e} O
Low Temp A A .
Grease Leakage ° © A
e: Excellent O: Good  A: Exercise Caution
Recommended Grease
Grease SK-1A SK-2 4B No.2
B oil Refined mineral hydrocarbon Refined mineral hydrocarbon Hydrocarbon type synthetic
el s ol oil oil and polymer

Additive Organic molybdenum, etc.
NLGI Consistency No. No.2
Viscosity (25C), cSt 265 to 295
Melting Point 197°C
Color Yellow
Life

Organic molybdenum, etc.
No.2
265 to 295
198°C
Green

5 Years in Airtight Container

Organic molybdenum, etc.s
No.1.5
290 to 320
247°C
Light Yellow

Note: Proper lubrication of harmonic drive gearing is essential for high performance and reliability.

Harmonic Drive LLC 800-921-3332
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Grease Change

The wear characteristics of harmonic drive gearing are strongly influ-
enced by the condition of the grease lubrication. The condition of the
grease is affected by the ambient temperature. The graph

shows the maximum number of input rotations for various temperatu-
res. This graph applies to applications where the average load torque
does not exceed the rated torque.

In cases where the average load torque exceeds, calculate the grease
change interval using the equation shown below.

Equation where average load torque exceeds rated torque
[Equation 13]

Ler  Grease change (Torque is over rated torque), input rotations

Le  Grease change (Torque is below rated torque), input rotations (From Graph)

T, Rated Torque

T..  Average load torque on output

Lubrication
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
Recommended Dimensions for Inner Case
These dimensions must be maintained to prevent damage to the .
gear and to maintain a proper grease cavity. Maximum Length for Installation
(Internal diameter is dXx_ e_._.b
used for attachment)
Counter bore
for bolt head
{
@
5]
Figure 12
Recommended Dimensions for Inner Case ~ Table 19 Unit: mm
Size 14 17 20 25 32 40
oa 36.5 45 53 66 86 106
b 1(3) 1(3) 1.5(4.5) 1.5(4.5) 2(6) 2.5(7.5)
ec 31 38 45 56 73 90
d 1.4 1.8 17 18 1.8 18
e 1.5 1.5 1.5 15 3.3 4
Note: Values in parenthesis show the value when the Wave Generator is pointing up.
Grease Usage Table 20 Unit: g
Size 14 17 20 25 32 40
grease amount 5 9 13 24 51 99

SHD has temporary bolts between the outer cross roller bearing and the flexspline so that the teeth of the flexspline, the cross roller bearing
outer surface and teeth of circular spline maintain position and capture grease during shipping.

Figure 13

Cross Roller Bearing (Outer ring)

Circular Spline Wave Generator

Apply thin coating

of grease before
installation

Tl

r—Thickness of Wave Generator

Flexspline

Pack bearing with
grease while slowly
rotating bearing

—Apply grease to inner
surface in accordance
with value shown

Lubrication

10 f

s Lt

BNz

0°

\ s

Wave Genartr e

LaT n, Total Number of Rotations of Wave Generator

107

20

40

Grease Temperature (°C)

60 80 100 120

Figure 14
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. Recommended Tolerances for Assembly Wave Generator Assembly Notes for SHD

For peak performance of the SHD it is essential that the following tolerances be observed when assembly is complete.

Direction for Thrust Force of Wave Generator Axial Force of Wave Generator
Recommended tolerances for assembly

When a harmonic drive gear is used to accelerate a load, the deflection of

Recommended Shaft Tolerance ariachedioliface the Flexspline leads to an axial force acting on the Wave Generator. This
Heorhe O] ob |A} 1 ¢ B] SHD ! axial force, which acts in the direction of the back end of the Flexspline,
@ E La (toward the left in fig.15) must be supported by the bearings of the input

shaft (motor shaft).

When a harmonic drive gear is used to decelerate a load, an axial force
acts to push the Wave Generator out of the Flexspline (toward the right
in fig.15) . Maximum axial force of the Wave Generator can be calculated
by the equation shown below. The axial force may vary depending on its
A operating condition. The value of axial force tends to be a larger number
when using high torque, extreme low speed and constant operation.

The force is calculated (approximately) by the equation. In all cases, the

|@]

—

Recommended Housing Tolerance H7

direction for thrust L) direction for thrust Wave Generator must be axially (in both directions), as well as torsionally,
F foroe in acceleration [T} force in deceleration fixed to the input shaft.
i '—::B Ll
§ _—I i] (note) Please contact us for detailed information on attaching the Wave
| I I | |: zj]_b [ Generator to the input (motor) shaft.

—‘ Figure 15

[ a A L[ d [B] ion [14] for axial force C ion Example

- Table 22
Flexspline Interface Wave Generator Interface Gear Ratio equation sze i a0 Thrust Force by Bearing
O] oe [B i=1/50 F=2x 1x 0.07 x tan 30°+21PF - ‘ s SEf Q“P:;Nm)
Recommended Shaft Tolerance h6 ' .
i=1/100 and up F=2x L x 0.07 x tan 20°+2yPF 17 33
D Qutput Torque : 200Nm SHD 2 56
F=2x__ 200 x 0.07xtan 30°+16 25 9.8
- (32x0.00254) 32 16
Symbols for equation [14] F=015N - -
Tolerances for Assembly Table 21 Unit:mm i lhrust‘ ores !
Size 1 7 20 % 32 0 2 D EED QR i
a 0.016 0.021 0.027 0.035 0.042 0.048 T output torque Nm
ob 0.015 0.018 0.019 0.022 0.022 0.024 2pPF thrust force by bearing Nm (see table)
c 0.011 0.012 0.013 0.014 0.016 0.016
d 0.008 0.010 0.012 0.012 0.012 0.012
oe 0.016 0.018 0.019 0.022 0.022 0.024

Sealing structure
A seal structure is needed to maintain the high durability of harmonic drive gearing and prevent grease leakage.

Key Points to Verify
* Rotating parts should have an oil seal (with spring), surface should be smooth (no scratches)
¢ Mating flanges should have an O Ring, seal adhesive
¢ Screws should have a thread lock
(Loctite 242 recommended) or seal adhesive.

Note: If you use Harmonic grease 4BNo.2, strict sealing is required.
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Assembly Notes

Assembly Order for Basic Three Elements
The recommended sequence of assembly is illustrated below.

Only after the Circular Spline and Flexspline are assembled in equipment is the Wave Generator assembled. If assembly is performed
using a different method, Dedoidal assembly or teeth breakage may occur. It is essential that teeth of the Flexspline and Circular Spline
mesh symmetrically for proper function. An eccentric tooth mesh (Dedoidal), will result in noise and may lead to early failure of the gear.

Assembly Notes

Wave Generator

Circular Spline
Flexspline
Cross Roller Bearing

Note:

Do not assemble
Wave Generator from
Diaphram of Flexspline

Wave Generator

R e et et L L EE LR |
Output for SHD varies depending on which component is fixed. -
Gear ratio and rotational direction also vary. see page 5 E— -
Flexspline
Fixed Output Ratio and Rotation (Outer cross )
roller bearing) Gircular Spline
Flexspline Circular Spline @ on page 5
Circular Spline Flexspline @ on page 5
Figure 16
Installation and Torque Transmission for Flexspline Bolts Table 23
Size Standard 14 17 20 25 32 40
Number of Bolts 8 12 12 12 12 12
Size M3 M3 M3 M4 M5 M6
Pitch Circle Diameter mm 64 74 84 102 132 158
Clamp Torque Nm 2.0 2.0 2.0 4.5 9.0 15.3
Torque transmission Nm 108 186 210 431 892 1509
Note:
1. The material of the thread must withstand the clamp torque.
2. Recommended bolt : JIS B 1176 socket head cap screw strength range : JIS B 1051 over 12.9
3. Torque coefficient : K=0.2
4. Clamp coefficient A=1.4
5. Friction coefficient on the surface contacted: 0.15
Installation and Torque Transmission for Circular Spline Bolts Table 24
Size Standard 14 17 20 25 32 40
Number of Bolts 6 12 12 12 12 12
Size M3 M3 M3 M4 M5 M6
Pitch Circle Diameter mm 43 52 61.4 76 99 120
Clamp Torque Nm 2.0 2.0 2.0 45 9.0 15.3
Torque transmission Nm 72 130 154 321 668 1148

Note:
1. The material of the thread must withstand the clamp torque.

2. Recommended bolt : JIS B 1176 socket head cap screw strength range : JIS B 1051 over 12.9

3. Torque coefficient : K=0.2
4. Clamp coefficient A=1.4
5. Friction coefficient on the surface contacted: 0.15

Manufacturing for Mating Part and Housing

When the housing interferes with corner “A” shown in fig. 17, an undercut in the housing is recommended as shown in fig. 18.

Figure 17

Figure 18

Recommended Housing Undercut

SHD assembly procedure
Note for assembly structure for SHD
Wave Generator

1. Avoid overloading the Wave Generator bearing during
installation, rotate the Wave Generator as you easily install.

2. Since the Wave Generator of the CSD does not have an
Oldham coupling, make sure that the position is within the
recommended tolerance shown on page18.

3. Installation bolts on Wave Generator and installation bolt on
Flexspline should not interfere each other.

Circular Spline
1. Be sure flatness and skewness are minimized.

2. Make sure there are no burrs or foreign substances.

3. Make sure there is enough room to have the
minimum clearance in the housing.

4. Make sure that the harmonic drive gear rotates when
Circular Spline is installed in the housing.

5. When a bolt is inserted into a bolt hole,
make sure that the bolt hole is located properly.

7. Bolts should not be tightened at the same time. Apply half
of the recommended torque to tighten bolts, and then
tighten bolts at the recommended torque. The order of
tightening bolts should be done diagonally.

Avoid using pins to secure the Circular Spline if possible.
Flexspline

Figure 19

. Be sure flatness and skewness are minimized.
2. Make sure there are no burrs or foreign substances.

3. Make sure there is enough room to have the minimum
clearance in the housing.

4. When a bolt is inserted into a bolt hole, make sure
that the bolt hole is located properly.

5. Bolts should not be tightened at the same time. Apply
half of the recommended torque to tighten bolts, and then
tighten bolts at recommended torque. The order of
tightening bolts should be done diagonally.

Make sure that Circular Spline and Flexspline mesh properly.

Do not damage the Flexspline during assembly.

Note to prevent corrosion

The standard CSD has not been treated for preventing
corrosion. If needed, apply rust prevention on metal
surfaces. As a special order, HD Systems can provide
stainless steel components or surface treatments.
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Efficiency Efficiency
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Efficiency Measurement Condition for Efficiency Graphs Compensation Coefficient for CSD Series SHD Series <
The efficiency depends on the conditions shown Installation: Based on recommended tolerance Other Load Conditions 1.0 = 10 5
below. Efficiency depends on gear ratio, input speed, Load Torque: Rated Torque The efficiency varies with load torque. 09 09 z— g
load torque, temperature, quantity of lubricant and Lubricant: Harmonic grease SK-1A (size 20 and up) For the efficiency at various torque loads, use 5 o8 508 z
type of lubricant. Harmonic grease SK-2 (size 14, 17) the appropriate compensation coefficient. 2 o7 2 o7 ﬁ

Harmonic grease 4B No.2 (SHD Output Bearing) 8 06 S o6 4™ g
S S 1000 r/minf
5 05 3 05 w
Grease quantity: Recommended quantity g 04 § g [S000mn
£ 13
. § o038 § 03
CSD Series Please contact us for details pertaining to recommended oil lubricant SHD Series 02 Torque. Load Torave 0o o LD
for CSD. ‘ = ™ Pated Torque E |7 PatedTorue
Ratlo 50 RatIO 50 © 0.1 02 03 OATOUrqﬁueOES 07 08 09 1.0 0.1 02 03 O.ATOO'qieO.S 0.7 08 09 1.0
Size 14 Size 17,20 Size 25, 32, 40, 50 Size 14 Size 17,20, 25,32, 40
100 100 100 100 100
90 90 90 90 90
80 80 80 80 80
500rmin [ ——1——| )
— T — so0ima |_—1——— S0 |__——F———
70 = — 70 e 70 70 70 e
// / 2000 1000 500r/min |_————— min
. W " /Mﬁ / . / ﬁ / L < | oe— © oot
-, 60 S, 60 > 60 -, 60 > 60
3 2000 3 3 ] L —] g
g / 2 Soormin e s — s
g 50 g 50 S 50 £ 50 S 50 O0rin
% s % 500rmin @ @
40 3500r/min| 40 40 40 3500r/min| 40
30 30 30 30 30
20 20 20 20 - 20 =
0=3% 0=3% o=3% o=8% 7=8%
10 10 10 10 10
10 0 10 20 30 40 10 0 10 20 30 40 10 0 10 20 30 40 -0 0 10 20 30 40 -0 0 10 20 30 40
temperature (°C) temperature (°C ) temperature (°C) temperature (°C) temperature (°C)
Ratio 100 Ratio 160 Ratio 100 Ratio 160
Size 14 Size 17, 20, 25, 32, 40, 50 Size 20, 25, 32, 40, 50 Size 14 Size 17,20, 25, 32, 40 Size 20, 25, 32, 40
100 100 100 100 100 100
90 90 90 90 90 90
80 80 80 80 80 80
500r/min // | —1 500r/min_|—1_—1 | —
S00rmin — | . soorimn |—|_—"] m/ | —1 s00imin |—" |_—1
o = & L & = 0 S00rimin | — | — o & l |1
i
® toonw// ®© eoooyn] ® 2l = — ® et = o
3 60 5 60 5 60 5 60 T = 5 60 5 60
k5 gy 8 5 QW 5 2000 5 5 ZW
S 50 £ 50 £ 50 S 50 S 50 £ 50
5 s —— 5 5 5 13500r/min 5
40 35007min 40 40 35007 40 35007 40 40 "IEB007min
30 30 30 30 30 30
20 20 20 20 20 20
0=3% 0=3% 0=3% 0=3%)| 0=3% 0=3%
10 10 10 10 10, 10
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
temperature (°C) temperature (°C) temperature (°C) temperature (°C ) temperature (°C ) temperature (°C )
Efficiency ( @ Torque # Rated Torque ) = Efficiency (from graph) x Compensation Coefficient ( from graph page 36) Efficiency ( @ Torque # Rated Torque ) = Efficiency (from graph) x Compensation Coefficient ( from graph )
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No Load Running Torque No Load Running Torque

R et i L L L LR et | | R el R R R L bty |
) <
. . . . . No Load Running Torque Compensation Value Necm K
No Load Running Torque (NLRT) Measurement Condition for NLRT Graphs Compensation Value in Each Ratio BEl 50 760 I
No load running torque indicates an input torque Ratio: 100: 1 No load running torque of harmonic drive gear Size CSD SHD CSD SHD g
which is needed to rotate harmonic drive gearing with Lubricant: Harmonic grease SK-1A (size 20 and up) varies with ratio. The graphs indicate a value 14 10.56 1.0 _ _ z
no load on the output side (low speed side). Please Harmonic grease SK-2 (size 14, 17) for ratio 100. For other ratios, add the 17 10.95 16 _ _ g
contact us regarding details. Harmonic grease 4B No.2 (SHD Output Bearing) compensation values from the table on the right. 20 4 Y 0.39 07 g
. . . . z
- ) 25 +2.6 +4.0 0.72 1.2
Grease quantity: Recommended quantity 32 5.4 70 15 o4
) 40 +9.6 +13 -2.6 -3.9
Torque value is measured after 2 hours at 2000rpm input. 50 18 - 48 -
Please contact us for details pertaining to recommended oil
CSD Series brieant for S0 SHD Series
Input Speed  500r/min Input Speed  1000r/min Input Speed  500r/min Input Speed  1000r/min
1000 1000 1000 1000
- - = 100 = 100
£ 100 £ 100 o £ £
= CSD-50 z % % SHD-40
@ [} CSD-40 -
g [ ospo g — § e — Sro-eo § SHD-32
(<] (<] CSD-32
= | cspa - g >~ SHD-32 = |
2 10 2 10 g 10 g 10 SHD-25
5 CSD-25 £ ©sb-25 g SHD-25 £
c CSD72O e 0sb-20 DE i DE = 2:2723
g CSDVW g C8D-17 8 SHD-17 8 SHD?A
3 g 3 - ————— SHD-14 - -
—— CSD-14
2 — R s 2 2
01 0.1 0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
Ambient temperature (°C ) Ambient temperature (°C ) Ambient temperature (°C) Ambient temperature (°C )
Input Speed  2000r/min Input Speed  3500r/min Input Speed - 2000r/min Input Speed  3500r/min
1000 1000 1000 1000
\ \ \ CSD-50 \ \
100 — 100 100 __ 100
— CSD-50 - =S £ £
tEJ g CSD-40 S 151 SHD-40
Z ©SD-40 4 = SHb-40 z SHD-32
> ‘0—)’ CSD-32 o SHD-32 1
3 CsD-a2 3 g 3
é \\ é ] 0SD-25 S \ ~—— so2s 8 ~ SHD-25
> 10 CSD-25 > 10 o 10 o 10 SHD-20
£ £ CSD-20 £ SHD-20 £ o7
e CSD-20 c C8D-17 5 g 5 )
2 CSD-17 ] & SHo-17 & SHD-14
° ° CSD-14 2 SHD-14 o
3 - 8
S CSD-14 § 3 S
2 1 S 1 2 ER
0.1 0.1 0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
Ambient temperature (°C ) Ambient temperature (°C ) Ambient temperature (°C) Ambient temperature (°C )
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Starting Torque and Backdriving Torque

Starting Torque

Starting torque is the torque required to commence rotation of

the input element (high speed side), with no load being applied

to the output. The table below indicates the maximum values.

The lower values are approximately 1/2 to 1/3 of the maximum values.

Component Type Backdriving Torque

Backdriving torque is the torque required to commence rotation
of input element (high speed side) when torque is applied on
the output side (low speed side). The table below indicates the
maximum values. The typical values are approximately 1/2 to 1/3
of the maximum values. The backdriving torque should not be
relied upon to provide a holding torque to prevent the output from
backdriving. A failsafe brake should be used for this purpose.

Measurement condition: Ambient temperature 20°C

Values shown below vary depending on condition.
Please use values as a reference.

Accuracy
| R el R R R L bt |
Positioning Accuracy
The positioning accuracy of the gear represents a linearity error bet-
ween the input and output angle. The position error is the difference ..Positioning Accuracy
between theoretical and actual output rotation angle. nput Angle
6 ..Actual Output Angle
The positioning accuracy is measured for one complete output revolu- i (i |-
. ; ; H R Gear Ratio (i=I:R)
tion using a high resolution measurement system. The measurements
are carried out without reversing direction.
0., =0~ 0, equation [15]
The positioning accuracy is defined as the difference between the R
maximum positive and maximum negative deviation from the theoreti-
cal position.
Typical Positional Accuracy Curve
! AAAMMARRERANAARAA AN AAANAANANA
e AN A AARNRARARARAARL
Positioning Accuracy
CSD Table 27
Size 14 17 20 25 32 40 50
Positioning X10* rad 4.4 4.4 4 29 2.9 29 29
Accuracy arc min 1.5 1.5 1.0 1.0 1.0 1.0 1.0
SHD Table 28
Size 14 17 20 25 32 40
Positioning X10* rad 4.4 4.4 2.9 29 2.9 2.9
Accuracy arc min 1.5 1.5 1.0 1.0 1.0 1.0

Starting Torque for Component Sets (Ncm) Table 25
Ratio Size 14 17 20 25 32 40 50
50 CsD 3.7 5.7 7.3 14 28 50 94
SHD 6.2 19 25 39 60 95 -
100 Csb 2.4 3.3 4.3 7.9 18 29 56
SHD 4.8 17 22 34 50 78 -
160 CsD = = 3.4 6.4 14 24 44
SHD - - 22 33 47 74 -
Torque for Ci Sets (Nm) Table 26
Ratio Size 14 17 20 25 32 40 50
50 Csb 25 3.8 4.4 8.3 17 30 57
SHD 3.7 1 15 24 36 57 -
100 Csb 31 4.1 5.2 9.6 21 35 67
SHD 5.8 21 27 41 60 94 -
160 CsD = = 6.6 12 28 45 85
SHD - - 42 64 91 143 -

Torsional Stiffness

Torsional stiffness is determined by applying a load to the output of the harmonic drive gear, with the input rotationally locked.

The angular rotation is measured as the load is increased. The typical curve (shown in the figure 21) is non-linear. The stiffness is
determined by the slope of this curve. For simplicity, the curve is approximated by 3 straight lines having stiffness of K1, Ko, and Ka.
Stiffness K1 applies for output torque of 0 to T1. Stiffness K3 applies for output torque greater than To. Stiffness Ko applies for
output torque between T1 and T2.Typical stiffness values are shown in tables 29 to 32.

Figure 20 Figure 21
Torsional Angl
CRIEIE (AT A Torsional Angle
Ks
Hysteresis —— B T
—To 0 +To Torque
@
B' -

Qf Torque

1y 97 [ |

/] T T
A
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. Torsional Stiffness Hysteresis Loss -

<
4
(=]
CSD - Torsional Stiffness for Ratio 1/50 Table 29 ‘;’
o
Si 14 17 20 25 32 40 50 . H
- Calculate Torsion Angle g
T, Nm 2.0 3.9 7.0 14 29 54 108 5
K. X10‘Nm/rad 0.29 0.67 1.1 2.0 47 8.8 17 1. For T<T4 10 =T/Ky il
X10* rad 6.9 5.8 6.4 7.0 6.2 6.1 6.4 Lo -
o arc min 24 20 22 24 2.1 2.1 22 2. ForTy<T<Tp 1 0 =To/Ky + (FTa)/Ko
T, Nm 6.9 12 25 48 108 196 382 3. For To<T 10 =Ti/Ky + (To-Tq)/Ky+ (T-To) /Ky
K. X10‘Nm/rad 0.37 0.88 13 2.7 6.1 1 21 ) '
o X10* rad 19 14 19 18 18 18 18 Note: Units for T, Ty, Ty, K, Ky, Ky, K3, and @ must be consistent.
: arc min 6.4 4.6 6.6 6.1 6.1 5.9 6.2
K X10*Nm/rad 0.47 1.2 2,0 3.7 8.4 15 30

Numbers are average value.

Hysteresis Loss

CSD - Torsional Stiffness for Ratio 1/100 and up Table30
A typical hysteresis curve is shown in figure 20. With the input locked, a torque
iz L L 20 25 2 =0 o0 is applied from O to + Rated Torque. Hysteresis measurement is shown in the
T Nm 2.0 3.9 7.0 14 29 54 108 figure. The following table shows typical hysteresis values.
K X10*Nm/rad 0.4 0.84 13 2.7 6.1 1 21
2, X10* rad 5.0 4.6 5‘2 5.2 4.8 4.9 5.1 Hysteresis Loss Table 33
arc min 1.7 1.6 1 1.8 1.7 1.7 1.7 ;
T, Nm 6.9 12 25 48 108 196 382 Size R - = 2 2 2 9 %
K, X10‘Nm/rad 0.44 0.94 17 3.7 78 14 29 50 arc min 25 15 15 15 15 15 15
2, X10* rad 16 13 15 13 14 14 13 100 X10* rad 5.8 2.9 2.9 2.9 2.9 2.9 29
arc min 5.4 4.3 5.0 45 4.8 4.8 4.6 and up arc min 2.0 1.0 1.0 1.0 1.0 1.0 1.0
Ky X10*Nm/rad 0.61 13 2.5 4.7 " 20 37

Numbers are average value.

SHD - Torsional Stiffness for Ratio 1/50 Table 31

Size 14 17 20 25 32 40
T Nm 2.0 3.9 7.0 14 29 54
K, X10“Nm/rad 0.29 0.67 1.1 2.0 4.7 8.8
o, X10* rad 6.9 5.8 6.4 7.0 6.2 6.1
arc min 2.4 2.0 2.2 2.3 241 241

T. Nm 6.9 12 25 48 108 196
K. X10*Nm/rad 0.37 0.88 13 2.7 6.1 "
o, X10* rad 19 14 19 18 18 18
arc min 6.4 4.6 6.3 6.1 6.1 5.9

Kq X10*Nm/rad 0.47 1.2 2.0 3.7 8.4 15

Numbers are average value.

SHD - Torsional Stiffness for Ratio 1/100 and up Table 32
Size 14 17 20 25 32 40
T Nm 2.0 3.9 7.0 14 29 54
Ki X10*Nm/rad 0.4 0.84 13 2.7 6.1 "
2 X10* rad 5.0 48 5.4 5.2 4.8 4.9 . ) ‘ . )

! arc min 1.7 16 18 1.8 17 1.7 All products are warranted to be free from design or manufacturing defects for a period of one year from the date of shipment. Such items
T Nm 6.9 12 25 48 108 196 will be repaired or replaced at the discretion of HD Systems. The seller makes no warranty, expressed or implied, concerning the material to
K X10°Nm/rad 0.44 0.94 17 3.7 7.8 14 be furnished other than it shall be of the quality and specifications stated. The seller’s liability for any breach is limited to the purchase price

4 ) ;
2, X10" rad ;i 133 5‘% lf; :‘; l‘; of the product. Al efforts have been made to assure that the information in this catalog is complete and accurate. However, HD Systems
arc min X o | 3 o o N N feal : . "
K, X10* Nmy/rad 061 15 25 a7 1 20 is not liable for any errors, omissions or inaccuracies in the reported data. HD Systems reserves the right to change the product specifica

tions, for any reason, without prior notice.

Numbers are average value.
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